Direct assays have been described for the estimation of progesterone in serum and saliva. Both methods showed good inter-assay precision over a year, and the serum assay is now being used routinely in clinical laboratories. A highly significant correlation was obtained for progesterone concentrations in matched serum and saliva samples over a wide range of concentrations. The concentrations of progesterone in daily samples taken through the menstrual cycle fell within the range quoted in previous studies. The benefits of direct saliva measurement are described with reference to the long-term assessment of irregular cycles. Care in sample collection is necessary since contamination with agents such as oral cosmetics may result in overestimation of progesterone concentrations.
SUMMARY. Direct assays have been described for the estimation of progesterone in serum and saliva. Both methods showed good inter-assay precision over a year, and the serum assay is now being used routinely in clinical laboratories. A highly significant correlation was obtained for progesterone concentrations in matched serum and saliva samples over a wide range of concentrations. The concentrations of progesterone in daily samples taken through the menstrual cycle fell within the range quoted in previous studies. The benefits of direct saliva measurement are described with reference to the long-term assessment of irregular cycles. Care in sample collection is necessary since contamination with agents such as oral cosmetics may result in overestimation of progesterone concentrations.
Several studies have shown that the determination of progesterone in saliva provides an attractive alternative to measurement in serum.l" Stress due to venepuncture is avoided and frequent samples may easily be taken. The measurement of progesterone in frequent samples of saliva is of value in the assessment of ovarian function, in particular the diagnosis of a deficient luteal phase." It is generally considered that the saliva concentration reflects the free (not bound to protein) steroid level in serum.
Many of the methods previously described for the estimation of progesterone in saliva require relatively large sample volumes and organic solvent extraction of the sample prior to measurement. Since one of the benefits of using saliva is the practicality of frequent sampling, then the method ideally should be practical and time-saving. Direct assays have been separately reported for estimation of progesterone in serum 7 and saliva.f: 9 In the present study a practical serum assay for progesterone has been developed using readily available antiserum and employing existing equipment, to allow distribution of the assay to other laboratories. Since saliva estimation offers considerable advantages, a direct assay for saliva progest-Correspondence: Dr G E Webley, Institute for Hormone and Fertility Disorders, Osterstrasse 86, D--2000 Hamburg 20, Federal Republic of Germany erone has been developed, using small sample volumes and applying the same requirements as for the serum assay. The two assays have been compared and the saliva assay assessed for clinical application and suitability for widespread use.
Materials and methods
Reagents were AR grades from BDH Chemical Ltd, Poole, Dorset, UK except where indicated.
PROGESTERONE STANDARDS
The purity of progesterone (non-anhydrous, Sigma Ltd, London, UK) for preparation of standards was confirmed by high-pressure liquid chromatography (HPLC).
Serum standards were prepared in male serum from a stock ethanolic solution of progesterone, 1 mrnol/L, stored at -20 c e. The male serum had been screened for zero displacement in a progesterone assay, pooled and filtered through a 0·45 11m filter (Sartorius Ltd). The same ethanolic solution was used to make standards in buffer for use in the saliva assay. Buffer standards were prepared immediately prior to each assay.
PREPARATION AND PURIFICATION OF 125I-PROGESTERONE TRACER
Progesterone ll-glucuronyl-tyramine conjugate (prepared by Dr J T Corrie!") was iodinated with Na-125I using Chloramine T according to first cleaning the mouth with water three times. Samples were obtained from (a) women in the follicular and luteal phase of the cycle, (b) women taking the oral contraceptive pill, and (c) women undergoing treatment at an infertility clinic. Saliva samples alone were collected daily during 20 complete cycles from healthy women aged between 25 and 35 years; two women, one previously suffering from amenhorrea, collected daily saliva samples for three cycles. The first day of menses was designated day one of the cycle.
Results

PROGESTERONE ANTISERUM
The antiserum was raised in sheep against progesterone-ll-hemisuccinate BSA conjugate (Guildhay Antisera Farm, Surrey, UK). Antiserum HP/S/645-111A was selected for use in the assays as it gave the highest titre and equilibrium constant, estimated from a Scatchard plot (K=2·2x10 8 (1 mol)-!), when compared with other antiserum preparations and was available in sufficient quantity to allow distribution to other laboratories. Maximum binding for the antiserum was obtained in 50 mM borate buffer, pH 10, (3,103 giL boric acid, 3·729 giL potassium chloride and 1·84 giL sodium hydroxide). The antiserum was diluted to give an initial dilution of 1:1000 in the serum assay and 1:4500 in the saliva assay.
ASSAY PROCEDURE
Details of the assay protocols for serum and saliva are given in Table 1 . Samples of standards (50 !J.L for serum, 200 !J.L for saliva) were reacted in 64x 11 mm disposable polystyrene tubes (Griffiths & Nielson Plastics Ltd, London, UK) together with antiserum and iodinated progesterone tracer. The addition of iodinated tracer was delayed by 4 h in the saliva assay. In the serum assay an incubation of 2 h at room temperature was followed by PEGassisted second antibody precipitation!' whereas in the saliva assay separation, after overnight incubation at room temperature, was achieved by addition of an Serum and saliva were collected at the same time in the day from a random selection of women. Blood was taken by venepuncture and saliva by dribbling into a small container, after gave two peaks of radio-iodinated progesterone conjugate. Both peaks were immunoreactive but the first peak gave lower non-specific binding and a greater stability on sturage. This iodinated progesterone conjugate was subsequently used in the assays.
ASSAY CHARACTERISTICS
Standard curves typical for the serum and saliva assays are shown in Fig. 1 , with zero binding between 30 and 40% for serum and 22 and 26% for the buffer standard curve. Nonspecific binding was between 0·5% and 2% for both assays.
Specificity of the antiserum was tested by measuring the amounts of various crossreacting steroids (Sigma Ltd) corresponding to 50% displacement of 125I-progesterone conjugate according to the method of Abraham. 13 Table 2 shows the cross reactions obtained at antiserum dilutions of 1/1000 and 1/4500, in the serum and saliva assays respectively, and indicates that the assays are highly specific for progesterone when compared with metabolites of progesterone and other closely related steroids.
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Sensitivity, defined as the least amount distinguishable from zero at the 95% confidence level using duplicate assays, was 1·5 nmol/L for the serum assay and 70 pmol/L for the saliva assay.
Precision. Performances of the assays in terms of precision are shown by precision profiles.F In the serum assay (Fig. la) the precision was~8% coefficient of variation (CV) throughout the assay (range 2-200 nmol/L) with the maximum within assay precision of 3% CV at between 20 and 50 nmol/L. The precision profile for the saliva assay (Fig. Ib) shows the maximum within-assay precision of 6% CV at between 300 and 1000 pmol/L. The betweenassay CV estimated with three serum pools and four saliva pools is shown in Table 3 . An acceptable CV of less than 15% was obtained in both assays.
Recovery was estimated in the assays by measuring progesterone in unknown serum and saliva pools before and after the addition of progesterone. In the serum assay 10, 20 and 50 nmol/L added to a pool of 18 mnol/L gave an average recovery of 95% ±6·5. In the saliva The performance of the serum assay in the National Quality Control Scheme (Dr Groom) was assessed by correlating the estimated concentrations of progesterone in pools with the national mean (correlation coefficient=0·913, n=43, y=1·l.x-2·7; Fig. 2 ). elution of progesterone standard determined by UV absorbence at 240 nm. The retention time of progesterone and the immunoreactive peak was 56 min.
CLINICAL RESULTS
A good correlation was obtained for concentrations of progesterone in serum and saliva samples using the direct serum and saliva assays (P<0·001, correlation coefficient =0'71, n=77; Fig. 3) . These samples covered a wide range of concentrations from 1·5-160 nrnol/L for serum.
It was noted that some of the saliva samples which gave a poor correlation with serum contained coloured material. The effect of two possible contaminants, lipstick and toothpaste, were investigated and found to elevate the apparent concentrations of progesterone estimated in saliva pools ( Table 4 ).
The concentrations of progesterone in saliva samples taken daily (except for some missing days) are represented as (1) the mean±SD for 20 normal cycles synchronised to the last day of the cycle (Fig. 4); (2) individual cycles from three women (Fig. 5a); (3) three consecutive cycles from one subject (Fig. 5b) ; and (4) saliva progesterone estimated over a period of 5 months from a woman previously suffering from post-pill amenorrhoea (Fig. 6) . The progesterone concentrations ranged from <70-450 pmol/L in the follicular phase rising to between 650 and 1250 pmol/L in the luteal phase. In the subject suffering from amenorrhoea a rise in saliva progesterone was observed during a cycle of 49 days followed by a period of 42 days in which the concentration remained TABLE 4. Effect of oral cosmetics on saliva progesterone concentrations NB The concentrations of lipstick and toothpaste were the maximum amounts that were found to have dissolved after contact with 5 mL of saliva for 24 h. low <200 pmoUL. The levels then rose above 400 pmoUL and remained elevated for the time studied. Conception was subsequently found to have occurred in this cycle.
Discussion
The paper has described assays for the direct measurement of progesterone in serum and saliva, that is, sample measurement without prior solvent extraction. The reagents for the direct serum assay have been distributed to other laboratories where the method is now in routine use and the assay gives consistently good results in the National Quality Control Scheme. The precision of the assay in terms of inter-assay % CV was determined from samples over a period of one year and, thus represents the average performances which might be achieved in a clinical laboratory. This period of 1 year covered changes in batches of iodinated tracer, standards, buffer and second antibody. II 13 15 17 1921  25  29  33  37  41  45  49  23  27  31  35  39  43 47  21  25  29  33  37  23  27  31 The direct saliva assay showed good assay characteristics. The concentration of progesterone measured in saliva during the menstrual cycle of healthy women falls within the range quoted in previous studies'"?' 6, 9 and indicates that the method is suitable for physiological and clinical studies.
A significant correlation (r=O'71, P<O·OOl) was obtained for progesterone concentrations in matched serum and saliva samples over a wide range of concentrations. The correlation of progesterone levels in saliva with those in serum reported by other workers varies widely. Previous publications on direct methods for estimation of progesterone in saliva either do not consider this relationship" or do not show a significant correlation." In contrast, the present study is in good agreement with studies in which an extraction procedure was used in the estimation of progesterone in saliva,': 3, 4, 6 the correlation coefficients ranging from r=0·454 1 to r=0·86. 4 The discrepancy may result from the lack of specificity of progesterone estimation or an insufficient number of samples to establish the significance of an r value.
In view of the large effects of both toothpaste and lipstick in the study, care must be taken in the collecting of saliva samples to avoid contamination by these agents and others such as food particles and blood from bleeding gums. An improved method of saliva collection, such as collection of saliva on a dental roll placed in the: mouth, may be an advantage.
The estimation of progesterone in saliva by a simple direct assay allowed the daily changes in progesterone to be monitored over several cycles in two subjects, one with regular cycles and the other with irregular cycles. In the latter case the cycles were found to be of long duration, but conception occurred showing continued elevation of saliva progesterone. In cases of luteal aberrations, the direct method offers considerable advantages in terms of time and expense so that large numbers of samples can be measured for long-term evaluation of infertility.
